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OMfOHiKED tMoammc csuMcmxnics of a is-puciht-scau model 

OF A TVIN-BIGm COMamE AIltCIAfT 
Daoi«l G. Morgan* HioQaa L. Galloway* and Bruno J. Gaabueci* 

Aiaaa Raaaarch Cantor 

SIBMARY 


An axparlnontal InvaatlgaticHi waa cmidMtad In tba Anaa 12-Foot Preaaure 
Hind Tunnal to determina tha unpowarad aarodynawie charactarlatica of a 
iS-pfteant-acala nodal of a tvln-angina cMawtar aircraft. Modal longitudinal 
aarodynanie charactarlatica trara axaninad at diacrata flap daflactiona trr 
varieua at)gla-of-attack and vlnd-tunnal-valoclty rangaa with tha aaipanr on 
and off. Lataral-diractional data were obtained for a range of aidealip 
anglaa at nodal anglaa of attack of 0*, 4*, and 8*. Tha Raynolda nunbar waa 
varied fron 0.518xl0«/m (l.7xl0*/ft) to l.l.lAxloVn (7.0xl0^/ft). Uta’-al 
directional charactarlatica ware examined at a Raynolda mud>ar of 1.646xl0*/n 
(5. 4x10* /ft). 

Data are praaanted for tha baalc modal configuration conaiatlng of tha 
fuaalaga* wing* baalc wing leading edge, double alotted flapa* midengina 
ngcallaa* and empennage. Other configurations taated include a partial-span 
drooped leading edge (drooped outboard of the engine natellea) , a full-apan 
drooped leading edge, low- and high-mounted engine nacelles, and a singla- 
alottad flap. Some data were also obtained of flow visualization, fixed 
boundary- layer transition on the wing leading edge, and tha wing pressure 
distribution. 

An evaluation was autde of the model mounting system by comparing data 
obtained with the model mounted conventionally on the wind-tunnel model- 
support struts and the model inverted. 


INTRODUCTION 


In the past, the aerodynwlc technology utilized on commuter-type aircraft 
reflected mainly past research and development efforts of the large-transport 
aircraft manufacturers. However* since the large-transport aircraft manufac- 
turers have developed larger jet transports, the technology is generally no 
longer suitable for application to small, short-haul transport aircraft. Tha 
nature of the compromise between performance and coat for these sswll, short- 
hful aircraft differs from that for large, long-range, high-speed, jet- 
trsnsport aircraft. 


*Senlor Associate, Kendan Associates, Palo Alto, California 94303. 



TABLE 1.- MODEL DIMENSIONAL DATA 


Complete model 

Volume, m* (ft*) 0.12997 (4.59) 

Area, m=^ (ft*) 16537 (1.78) 

Overall length, m (ft) 2.7137 (8.90) 

Wing 

Volume, m* (ft*) 01359 (0.48) 

Area, m* (ft*) 57971 (6.24) 

Span, m (ft) 2.1143 (6.937) 

Aspect ratio 7.71 

Chord, m (ft) 

Root 39268 (1.288) 

Tip 15646 (0.5133) 

Mean aerodynamic chord, c,m(ft) 2<>134 (0.956) 

Airfoil section (NACA), m (ft) 

Root 65jA215 

Tip 642A415 

Distance from centerline to c, m (ft) 43409 (1.424) 

Taper ratio .398 

Sweep at leading edge, deg 4.5 

Sweep at 25 % chord, deg .9 

Sweep-flap leading edge, deg -6.0 

Sweep at trailing edge, deg -9.0 

Root Incidence, deg 1.0 

Tip incidence, deg -1.0 

Dlhederal, deg 5.0 

Flap span, m (ft) 54864 (1.80) 

Aileron span, m v,ft) 35966 (1.18) 

Fuselage 

Volume, (ft^) • . 10166 (3.59) 

Volume nose cone, m^ (ft^) 01586 (0.56) 

Volume tail cone, ra^ (ft^) 01303 (0.46) 

Volume cylinder, m^ (ft^) 07334 (2.59) 

Diameter, m (ft) 25146 (0.825) 

Length, m (ft) 2.62738 (8.62) 

Horizontal tail 

Volume, m* (ft*) 00198 (0.07) 

Area, m* (ft*) 15143 (1.63) 

Span, m (ft) 73660 (2.417) 

As pec C ratio 3*58 

Chord, m (ft) 

Root 30480 (1.00) 

Tip 14122 (0.463) 

Mean aerodynamic chord, c, m (ft) 24257 (0.796) 

Airfoil section (NACA), m (ft) 

Root 66A009 

Tip 63A009 

Distance from centerline to c, m (ft) 14300 (0,469) 

Taper ratio 0.463 
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TABLE l.“ CONCLUDED 


Horizontal tail (concluded) 

Sweep at leading edge, deg 39.0 

Sweep at 25 % chord, deg 34.5 

Sweep at trailing edge, deg 13. S 

Vertical tail 

Volume, m^ (ft^) 0.00255 (0.09) 

Area, (ft^) • 08826 (0.95) 

Span, m (ft) 43180 (1.417) 

Chord, m (ft) 

Root 31750 (1.042) 

Tip 14122 (0.463) 

Mean aerodynamic chord, c,m(ft) 24638 (0.808) 

Airfoil section (NACA) , m (ft) 

Root 66A009 

Tip 63A009 

Distance from centerline to c, m (ft) 23876 (0.783) 

Sweep at leading edge, deg 39.0 

Sweep at 25% chord, deg 34.5 

Sweep at rudder leading edge, deg 20.0 

Sweep at trailing edge, deg 15.5 

Miscellaneous 

Nacelle volume, (ft^) 01048 (0.37) 

Thrust incidence, deg 0.0 


Wing 

The aspect ratio of the wing was 7.71, the taper ratio 0.398, and the 
sweep along the quarter-chord line 0.9"". The leading-edge and trailing-edge 
sweeps of the wing were 4.5® and -9.0°, respectively. The wing section at the 
root was the NACA 65;A215 section and at the tip, the NACA 642A415 section. 

The incidence was 1.0® at the wing root and -1.0® at the tip. Wing airfoil 
coordinates are presented in table 2. The leading and trailing edges were 
removable so that an alternate drooped-leading-edge configuration or single- 
slotted-flap trailing-edge configuration could be installed. Two drooped- 
leading-edge conf igurations were used; one had a drooped leading edge extending 
outboard of the engine nacelles (partial-span drooped-leading-edge configura- 
tion) and the other was drooped the full spanwise extent of the wing leading 
edge. A typical cross section and ordinates for the drooped-wing leading edge 
are presented in figure 6(a). 


Flaps and Ailerons 

For this investigation the ailerons were not deflectec?. The basic flap 
configuration was the double-slotted flap. Flap deflections were positioned 
by brackets for discrete deflections of 0®, 18®, 36°, and 54®. Also 
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TABLE 2.- AIRFOIL COORDINATES AT WING STATION 0.1052 m (4.14 in.) 
(Wing root) (Wing tip) 


Upper surface 

Lower 

surface 

x/c 

y/c 

x/c 

y/c 

0.0 

0.0 

0.0 


.00277 

.01284 

.00723 


.00501 

.01573 

.00999 

-.01256 

.00967 

.02034 

.01533 


.02168 

.02908 

.02832 


.04625 

.04178 

.05375 

B3E9 

.07109 

.05157 

.07891 

-.03211 

.09606 

.05975 

. 10394 


. 14621 

.07281 

.15390 

-.04158 1 

. 19655 

.08274 

,20345 


.24699 

.09022 

.25301 


.29750 

.09563 

.30250 

-.04969 

. 34806 

.09908 

.35194 

-.05012 

.39865 

.10043 

.40135 

-.04928 

.44925 

.09941 

.45075 

-.04684 

.49983 

.09638 

.50017 

-.04318 

.55037 

.09169 

.54963 

BjMU 

.60084 

.08559 

.59916 

mSSm 

.65125 

.07819 

.64875 


.70158 

.06962 

.69842 


.75185 

.06003 

.74815 

-.01682 

.80222 

.04945 

.79778 

-.01207 

.85127 

.03754 

.84783 

-.00868 

.90152 

.02531 

.89848 

-.00570 

.95078 

.01282 

.94922 

-.00301 

1.0 

.00032 

.99997 

-.00320 


Upper surface 

Lower surface 

x/c 



y/c 

0.0 

0.00622 



.00208 

.01373 

0.00206 

-0.00129 

.00694 

.01992 

.00687 

-.00650 

.02028 

.02887 

.01890 

-.01408 

.02974 

.03367 

.02852 

-.01784 

.05454 

.04282 

.05233 

-.02489 

.07927 

.05034 

.07601 

-.03076 

.12830 

.06199 

.12353 

-.03997 

.17697 

.07046 

.17128 

-.04704 

.22536 

.07694 

.21944 

-.05260 

.27339 

.08158 

.26720 

-.05689 

.32156 

.08486 

.31501 

-.06022 

.37121 

.08670 

.36312 

-.06225 

.41794 

.08688 

.41140 

-.06331 

. 46564 

.08561 

.46029 

-.06302 

.51479 

.08250 

.50907 

-.06128 

.56365 

.07764 

.55764 

-.05826 

.61278 

.07118 

.60668 

-.05405 

.66190 

.06371 

.65508 

-.04910 

.71071 

.05502 

.70388 

-.04371 

.75915 

.04541 

,70683 

-.04332 

.80776 

.03494 

.70956 

-.04296 

.85609 

.02363 

.75606 

-.03739 

.90559 

.01204 

.80397 

-.03172 

.95321 

. 0006 1 

.85124 

-.02643 

1.0 

-.01065 

.89775 

-.02169 



.94426 

-.01676 



.99105 

-.01192 



.99367 

-.01169 



.99578 

-.01153 



1.0 

-.01123 

i 

i 


investigated was a single-slotted flap. Typical cross sections of the two 
flap conf igurations are shown in figure 6(b). 


Nacelles 

Engine nacelles with the same geometric details were investigated; they 
were mounted in three positions with respect to the wing. The basic configu- 
ration was with the nacelle in the midposition. Alternate positions were 
ovcrwing (high nacelle) and underwing (low nacelle). Nacelle details are 
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shown in figure 6(c). Photographs of the model with the nacelles in the dif- 
ferent positions are presented in figure 7. 


Empennage 

The horizontal tail had an NACA 66A009 airfoil section at the root and an 
NACA 63A009 airfoil section at the tip. The aspect and taper ratios of the 
tall were 3.58 and 0.463» respectively. The horizontal tall was movable and 
could be actuated remotely over an Incidence range of -8* to 8”. 

The vertical r.ail also had an NACA 66A009 airfoil section at the root and 
an NACA 63A009 airfoil section at the tip; the rudder was not deflected. 
Because the model was designed for the empannage to be removable, data were 
also obtained with the horizontal and vertical sections removed. 


TESTS AND PROCEDURE 


Longitudinal force and moment data were obtained at discrete flap deflec- 
tions for model angles of attack through stall and for various wind-tunnel 
velocities. Tests were made with the empennage on and off. Lateral- 
directional data were obtained for a range of sideslip angles at model angles 
of attack of 0°, 4°, and 8“. Tail incidence sweeps were also made at model 
angles of attack of 0°, 4"', and 8°. A summary of the principal test variables 
is presented in the following tables: 


Model parameter 

Range, deg 

'u 

-4 to !7 

■'f 

O 

00 

it 

-8 to 8 


-2 to 6 


j r ■ 

Wind tunnel 

! Reynolds 

Stagnation 

Dynamic 

number 



pressure 

pressure 

^ 1 

■ 10* /m 

(*10*/ft) 

N/m^ 


N/m‘ 

(psf ) 

0.518 

(1.7) 

101353 

1 

(14.7) 

4309 

(90) 

1 .646 

(5.4) 

275790 

(40.0) 

19630 

(410) 

1.219 

(4.0) 

413685 

(60.0) 

6703 

(140) 

1 .646 

(5.4) 

413685 

(60.0) 

11730 

(245) 


(6.9) 

413685 

(60.0) 

22503 

(470) 
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In order to evaluete the effects of the model mounting system, dsts were 
also obtained with the model mounted In an Inverted position, as shown in 
figure 2. With the model inverteu, positive pitch was limited to 10* and, 
therefore, maxlmuu lift could not be defined. Also, the model configurations 
were limited to tall off because of the Interference effects of the strut. 

For the flow-visualization studies, microtufts were placed on the upper- 
right-wing surface of the model. Tufts were also placed on the right-engine 
nacelle. Photographs of the tufts were made for the wing-body configuration 
with the nacelles removed and with the mid and high nacelles at flap deflec- 
tions of 0* and 36*. 

In order to determine the effects of transition, carborundum grit was 
placed on the model wing, nose, and tall to form transition strips. The 
transition strips, made of number 60 carborundum grit, were placed spanwise on 
the upper and lower surfaces of the wing at the 10- and 15-percent wing-chord 
stations. The transition strips were 0.64 cm (0.25 in.) wide. Transition 
strips also were mounted on the 10- and 15-percent chord stations on the upper 
and lower surfaces of the horizontal tail. Transition on the vertical tail 
was located at 10-percent chord on both surfaces. The fuselage transition was 
placed 6.35 cm (2.5 in.) from the nose. 

Wing pressure distributions were measured by using two pressure straps. 
The straps were made of ten 0.0762-cm-diameter (0.030-in.) stainless-steel 
tubes soldered together side by side and bent to the contour of the wing. The 
tubes were plugged near the leading edge of the wing so that each tube served 
a dual purpose (upper- and lower-surface measurements). Photographs of the 
pressure-strap installation are shown ir figure 8. One pressure strap was 
mounted outboard of the right nacelle and the other inboard of the left 
nacelle. The spanwise position and chordwise orifice locations are indicated 
in Table 3. Pressure data were obtained with the midnacelles on and otf the 
wing. 


The wing-body fairing on the basic model configuration was referred to 
as the long fairing. In order to determine the effects of fairing size, a 
much shorter wing-body fairing was also investigated. Details of the two 
fairings are shown in the photon, aphs in figure 9. 
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TABLE 3.- PRESSURE-STRAP ORIFICE LOCATION 


Pressure 
tap no. 

Left-wing 

strap, 

x/c 

Pressure 
tap no. 

Right-wing 
strap, ^ 
x/c 

1 

0.0 L.E.^^ 

2i 

0.0 L.E.® 

2 

.05 U.S.“ 

22 

.05 U.S.^^ 

3 

.10 

23 

.10 

4 

.15 

24 

.15 

5 

.20 

25 

.20 

6 

.30 

26 

.30 

'/ 

.40 

27 

.40 

8 

.50 

28 

.50 

9 

.70 

29 

.70 

10 

.90 

30 

.90 

n 

1.00 T.E.^ 

31 

1.00 T.E.^ 

12 

.05 L.S.” I 

32 

.05 L.S./" 

13 

.10 

33 1 

.10 

14 

.15 

34 

.15 

15 

.20 

35 

.20 

1 16 

.30 

36 

.30 


.40 

37 

.40 

18 

.50 

38 

.50 

19 

.70 

39 

.70 

20 

—J 

.90 


.90 


^Left-wing pressure strap is located 
22.5 cm O in.) spanwise from fuselage 
centerline. 


Right-wing pressure strap is located 
45 cm (18 in.) spanwise from fuselage 
centerline. 

Leading edge. 

^Upper surface. 

^Trailing edge. 

•^Lower surface. 
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DATA COMLECTIOMS 


Force end moment data were corrected for wind-tunnel wall conatralnts In 
the following manner: 

a - fi + 0.49207 C 

Ki 

C„ . + 0.00752(c^J' 

- 0.05110 C, (tall off) 
u 

" 0.051U C- (tail on) 

lu n L 

u u 

It should be noted liiat corrections have not been applied for the effects of 
model support struts or for ram drag. 


PRESENTATION OF DATA 


Model configurations investigated in the wind-tunnel test arc sumxnarir^d 
in table 4, The basic model configuration was representative of a twin-engine 
commuter-transport aircraft except for the long wing-body fairing. 

A suzncuiry of data given in figures 10 through 29 Is given in table 5. 

Model component drag-buildup characteristics are presented in figure 10. The 
effects of flap deflection on the longitudinal aerodynamic characteristics of 
the model for two Reynolds numbers are presented in figure 11. Figure 12 
presents the effects of Reynolds number on the longitudinal aerodynamic char- 
acteristics of the model for two flap deflections. The effects of Mach number 
on the longitudinal aerodynamic characteristics of the basic model configura- 
tion are presented In figure 13. The effects of placing transition strips on 
the surface of the basic model configuration are shown in figure 14. Fig- 
ure 13 presents the effects of tail incidence on the longitv.-. Inal aerodynamic 
characteristics of the basic model coniiguration. The variation of side -force, 
yawing-moment, and rolling-moment coefficients with angle of sideslip for the 
basic model configuration are presented in figure i6. 

The effects of tail incidence on the longitudinal aerodynamic character- 
istics for the low-' and high-nacelle configurations are presented in fig- 
ures 17 and 18, respectively. The effects of engine-nacelle position on the 
longitudinal aerodynamic characteristics of the model are presented in 
figure 19. Figure 20 presents the effects of Reynolds number on the longi- 
tudinal aerodynamic characteristics of the model with a partial-span drooped 
leading edge. A comparison of the longitudinal characteristics of the basic 
and partial-span drooped-leading-edge configurations for three Reynolds num- 
bero is presented in figure 21. Pressure-distribution data for the two 
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TABLE 4.- MODEL CONFIGURATIOH SUMMARY 


A-Baslc configuration 

1. Production wing leading edge 

2. Production flap (double slotted) 

3. Production tail 

4. Production nacelles (mid-nacelles) 

5. Long wing-body fairings 

B-Partial-drooped-leading-edge configuration 

Wing leading edge drooped outboard of nacelles 

C-Drooped-leading-edge configuration 

Wing leading edge has a full spanwise droop 

D-High-nacelle configuration 

High nacelles replace midnacelles in "A" 

E-Low-nacelle configuration 

Low nacelles replace midnacelles in "A" 

F-S ingle-slotted- f lap configuration 

Single-slotted flap replaces production flap in "A" 

G-Miscellaneous configurations 
Wing-body 
Wing-body- tail 

Wing-body-tail-nacelles-gear 
Wing-body-tail-nacelles-short-body fairings 


spanwise locations of the wing-body configuration with and without the mldwlng 
nacelles are presented in figures 22 and 23. A comparison of the effects of 
tail incidence for the model with the double-slotted flap (basic flap config- 
uration) and the model with the single-slotted flap is presented in figure 24. 
The basic (long) wing-body fairing is compared in figure 25 with the short 
wing-body fairing. 

The model is normally mounted on the wind-tunnel support in an upright 
position. In order to evaluate flow-field effects arising from the strut 
mounting adapter, if any, the model was also tested in an inverted position. 

In figures 26 through 28 a comparison is made for several configurations. The 
effects of flap deflection on the longitudinal aerodynamic characteristics with 
full spanwise droop on the leading edge of the wing are presented in figure 29 
(model inverted). 
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TABLE 5.- SUMMARY OF DATA FIGURES 


Run 

no. 

Figure 

Mach 

no. 


q 

Reynolds 

number 


deg 


deg 



if 

deg 

« 

deg 

— 

{ 

Remarks 

N/m^ 

psf 

^ 10^" /m 1 

'loVft 



c 

10 

n.210 

11687.6 

244. 1 

1.631 

5.35 

-4 

to 

4 


— 


— 

0 

Drag buildup 

ll 


.210 

12334.0 

257.6 

1.646 

5.40 

-4 

to 

14 

( 

3 

: 



1 + wing 

13 


.210 

11792.9 

246.3 

1.640 

5.38 

-4 

to 

16 



0 


! + tail 

16 


.209 

11826.4 

247.0 

1.631 

5.35 

-4 

to 

17 





+ nacelles 

17 


.211 

11754.6 

245.5 

1.649 

5.41 









I gear i 

46 

U(a> 

. 159 

6794.2 

141.9 

1.216 

3.99 









Longitudinal data 

y> 


.157 

6574.0 

137.3 

1. 195 

3.92 





18 



j (basic configuration) 

27 


. 160 

6842. 1 

142.9 

1.219 

4.00 





36 



j 

57 


. 160 

6832.5 

142.7 

1.228 

4.03 





C 

4 




39 

11(b) 

.210 

12386.6 

258.7 

1.649 

5.41 



r 


0 




52 


.210 

12108.9 

252.9 

1.634 

5.36 


to 

16 

18 



i 

19 


.210 

11965.3 

249.9 

1.634 

5.36 

-4 

to 

16 

36 



1 

46 

12(a) 

. 159 

6794.2 

141.9 

1.219 

4.00 

-4 

to 

17 

0 



f ' — — — 

; Effect of Reynolds 

39 


.210 

12386.6 

258.7 

1.649 

5.41 

-4 

to 

^7 





1 number 

35 


.263 

18634.9 

389.2 

1.984 

6.51 

-4 

to 

15 



' 


! (basic configuration) 

32 


.249 

4227.8 

88.3 

.500 

1.64 

j 

to 

17 

1 




1 

27 

12(67 

. 160 

6842. 1 

142.9 , 

1.219 

4.00 

-4 

to 

17 

36 


1 


19 


.210 

1 1965.3 

249.9 ' 

1.634 

5.36 

-4 


J 

16 





i 

31 


.251 

4294.9 

89.9 

.518 

1 70 

i 

t- 

o 

17 

J 



i 

i . . _ . . _ 

39 

13 

.210 

12386.6 

258.7 

1.649 

5.41 

' -4 

to 

17 


J 



! 

! Effect of Mach number 

: 33 

i 


.338 

19118.6 

399.3 

1.628 ; 

5.34 

: -4 

to 

14 i 

1 



i 

i 

i 


(basic configuration) 

j 39 

14 

.2 10 

12386.6 

258.7 

1.649 

5.41 

1 

i -4 

to 

17 

1 


1 

i 

i 


Effect of transition 

1 20 


.210 

12075.4 

252.2 

1.631 

5.35 

-4 

to 

15 

36 


! 


(basic configuration) 

jl44 


.210 

12065.8 

252.0 ; 

1.631 

5.35 

^ -4 

to 

17 

0 

! 






.210 

1 ! 

12185.5 
1 

; 254.5 ( 

A .. M i 

1.631 



5.35 

i 

i 

1 

to 

17 

36 

i 

\ 


1 








TABLE 5. 



Effect of tail inci- 
dence 

(basic configuration) 


♦ 


Lateral-directional 

data 

(basic configuration) 


Tail incidence 
(low nacelle) 




Tail incidence 
(high nacelle) 













TABLE 5. 



t * 

eg 


deg 


Remarks 


Tail incidence 
(high nacelle) 

Effect of nacelle 
location 


Effect of Reynolds 
number (partial- 
drooped leading edge) 

Basic leading edge 
configuration » partial- 
span drooped leading 
edge, basic leading | 
edge , partial-drooped i 
leading edge 

Wing-body pressures 
(outboard strap) 


(Inboard strap) 

Wing-body mid- 
nacelles (outboard 
strap) 

(inboard strap) 



































Remarks 


Tail effectiveness 
(single- and double 
slotted flap) 

Short and long wing- 
body fairing with and 
without transition 



Comparison of inverted 
and upright (fuselage 
only) 


Model inverted, full 
drooped leading edge 























DATA DOCUMENTATION 


Only a portion of the data recorded during the test program Is presented 
In the figures of this report. For '.ompleteness , all the wind-tunnel test 
data are Included In Appendix A. 

e' 
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APPENDIX A 


TABULATED TEST DATA 

Since only a portion of the wind-tunnel test vlata Is presented In plotted 
form In this report, all the test data are presented on microfiche In the 
attached jackets. Coded configuration designations used during the wind- 
tunnel test are shown In table lA. A tabulation of the model configuration 
tested Is presented In table 2A. The aerodynamic coefficients used on the 
microfiche records are deixued In table 3A, and a quick reference to the 
available data is presented In table 4A. 

TABLE lA.- CODED CONFIGURATION DESIGNATION FOR TEST 

Basic configuration Code 

Production fuselage B 

Production wing leading edge ..... W1 

Production flap (double slotted) FI 

Production tail T1 

Production nacelles (midnacelles) N1 

Other configurations 

Drooped-wing leading edge (outboard of nacelles) ....'. W2 

High nacelles N2 

Low nacelles N3 

Pressure straps PS 

Single-slotted flap F2 

Landing gear G 
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TABLE 2A.- SUMMARY OF WIND-TUNNEL TEST CONFIGURATIONS 


Test 

configuration 

Produc- 
t ion- 
wing 
leading 
edge 

Double- 

slotted 

flap 



Mid- 

nacel les 

High 

nacel les 

Low 

nacelles 

Landing 

gear 

Tail 

Drooped- 

wing 

leading 

edge 

Drooped- 

wing 

leading 

edge 

outboard 

Single- 

slotted 

flap 

Basic configuration 

/ 

/ 





/ 




Drooped-wing leading 







/ 




edge 

/ 

/ 

/ 

/ 




/ 


High nacelles 

/ 

/ 




/ 




Low nacelles 

/ 

/ 



/ 


/ 




Wing pressure 

/ 

/ 









Wing pressure 

/ 

/ 








Flow visualization 

/ 

/ 

/ 








Flow visualization 

/ 

/ 


/ 







Flow visualization 

/ 

/ 









Single-slotted flap 

/ 



j 



/ 



/ 

With transition | 

/ 

/ : 

1 1 

/ 


i 

/ 




Short^body fairing 



/ 

i 



1 ***" 

/ 




with transition j 


/ i 

i 






Short-body fairing 

/ 

i 

y ! 

1 



/ 




Model inverted 

/ 

F 

/ i 

/ 








Inverted with gear j 

/ 

/ 

/ 



/ 





Inverted with drooped 




i 



1 

/ 



leading edge 

/ 

/ 

/ 

1 






Inverted, no nacelles’ 

/ 

! 






/ 



Inverted, mid- 

j 










naceiles 

/ 1 

/ 1 

/ 








Inverted, high 

i 



/ 







nacelles j 

> 

/ 








Inverted, low ! 


1 



/ 






nacelles i 

1 

/ 

/ 1 

y 

i - - ■ ■ J 


— 

1 ! 

— i 
















TABLE 3A.- MICROFICHE AERODYNAMIC SYMBOLS 


CL Lift coefficient 

CD coefficient 

CM Pitching-moment coefficient 

CY Side-force coefficient 

CYM Yawing-moment coefficient 

CRM Rolling-moment coefficient 

CA Axial-force coefficient 

CN Normal-force coefficient 
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TABLE 

Conve 

f 



AA.- TEST RUN SUMMARY 
sion factors: 

> 0.30A8 = m 
f X 47.880238 = N/m'" 
i 6894.7572 = N/m^ 



— 

Calibration check, 2. 5-in. balance 

— 

Calibration check* 2. 5- in. balance 

0.250 

Configuration B 

.159 

.210 

.299 

1 

Calibration check, 4-in. balance 

.298 

Configuration B 

.300 

Configuration B + Wl^ 

.210 

Configuration B + Wl^ 

. 160 

Configuration B + Wl^ 

.210 

Configuration B + W1 + Tl^ 

. 161 
.300 
.209 

1 

Configuration B + W1 + Tl + Nl® 

.211 

Configuration B + W1 + T1 + N1 

.210 

Configuration B + W1 + F 1 T1 + K1 + G 

.210 

Configuration B+ W1 + FI + T1 + N1 

.210 

Configuration B+ W1 + FI + T1 + N1 

.210 

and strut fairing 
Configuration B + Wl, FI, XI , N1 

.210 

.208 

.210 

.210 

.210 

.160 

(basic configuration) 










TABLE 4A.- 





















TABLE 4A. 


139. 1 

3.996 

-4 to 17 

139.8 

4.008 

-4 to 17 

139.0 

3.995 

0 

138.1 

3.982 


138.3 

3.982 

8 

457.8 

6.910 

-4 to 17 

248.9 

5 .456 

-4 to 16 

250.7 

5.429 

0 

247.4 

5.368 

4 

245.8 

5.334 

8 

370.2 

6.430 

-4 to 14 

373.6 

6.390 

0 

373. 1 

6.374 

4 

373.2 

6.360 

8 

248.3 

5.371 

1 -4 to 16 

247.8 

' 5.356 1 

0 

247.4 

i 5.345 

4 

I 

2^7.0 

1 5.336 , 

8 

367.0 

6.405 ! 

1 0 

371.5 

6.403 i 

i 4 

366.9 

6.337 

1 8 

369.1 

1 6.335 ! 

j -4 to 14 

144.0 

1 4.001 1 

! -4 to 17 

144.7 

4.036 

0 

143.2 

4.025 

4 

141.5 

4.005 j 

8 

467.6 

6.979 

0 

1 

247.2 

5.331 

-4 to 16 

368.7 

6.425 

-2 to 14 

141.0 

3.955 

-4 to 17 

] 

1 

i 










K» 

•O 



Remarks 















TABLE 4A.- CONTINUED 


1 

Run 
no . 


psi 

*^psf 

Reynolds 

number, 

Xl0‘’/ft 

j-- - - 

— 

^u • 
deg 

— r 

5f , 
deg 

— 

deg 

. _ 


6, 

deg 

■■■ 

Mach 

no . 

Remarks 

121 

60 

.0 

141.6 

4.009 

r 

8 


36 

“8 to 

8 

0 

0. 160 

Configuration B + Wl, 

Fl, 

Tl, N3 

122 



143.0 

4.027 

-4 

to 

17 

36 

0 



. 161 

Configuration B + Wl, 

FI, 

Tl, N3 

123 



244.0 

5.336 





( 







.209 

Configuration B -f Wl , 

Fl, 

pressure 


















straps 



124 



139.2 

4.000 












.159 





125 

14 

.7 

90.0 

1.724 












.251 





126 

60 

.0 

245.2 

5.308 




1 








.208 

Configuration B -1* Wl, 

Fl, 

HI, 


















pressure straps 



127 

60.0 

142.9 

4.033 












. 161 





128 

14 

.7 

88.6 

1.715 




! 








.249 

' 

r 



129 

60 

.0 

247.1 

5.355 


to 

16 1 








.210 

Configuration B -1- Wl, 

Fl. 

HI, flov 


















visualization 



130 



244.7 

5.325 





36 






.210 

Configuration B + Wl, 

Fl. 

HI, flew 


















visualization 



131 



248.8 

5.360 





36 






.210 

Configuration B ^ Wl, 

Fl. 

N2. flow 





1 




i 

1 





j 



visualization 



132 ; 



251.5 

1 5.378 

i 



' 

0 





.211 

Configuration B + Wl, 

Fl, 

N2, flow 





i 




i 





i 



visualization 



133 



1 248.6 

1 5.335 

I 



1 

i 

0 



1 


.210 

Configuration B + Wl, 

Fl. 

flow 

1 



1 

1 

i 








i 



visualization 



134 1 



246.9 

! 5.330 




! 

36 



i 

1 


.209 

Configuration B 4 Wl, 

Fl, 

flow 








f 






1 

j 

i 


visualization 



135 



i 137.9 

3.990 

-4 

to 

17 1 

54 

i 


i 

i 

.159 

Configuration B Wl , 

F2, 

Tl. N1 

136 



249. 1 

1 5.346 

1 -4 

to 

17 : 

36 

1 


1 

! 


.210 





137 



244.9 

1 5.277 

i 

0 




-8 to 

8 , 


! .208 





138 



247.1 

1 5.283 


4 







f 


.208 





139 



246.8 

I 5.263 


8 

t 





i 


.208 





140 



! 143.2 

3.982 

: 

to 




c 

) 

j 


.159 





141 



144.8 ' 

3.999 


0 

1 



-8 to 

8 ! 


.160 





142 



145.0 

3.998 


4 


i 





1 

( 

i 

. 160 





143 



143.9 

3.978 

i 

8 

; 


r 

\ 




1 

i 

. 160 

1 




144 



252.0 

5.346 

i 

to 

17 f 

0 

C 

) 



1 

.210 

Configuration B 4* Wl, 

Fl, 

Tl. Nl, 





1 

i 1 

1 












1 

^ - 

with 

transition 











Run 

no* 

Po 




Vf 

Reynolds 
number » 
xioVft 

“u* 

deg 


it» 

deg 

B. 

dog 

Mach 

no. 

Remarks 

167 

BUM 

371.3 

6.388 

-4 to 10 

0 

0 

0 


Configuration B + W2, FI, full- 


■ 













spanwise-drooped leading edge 

168 

■ 


141.1 

3.931 









. 159 

Configuration B + W2, FI, full- 


■ 













spamrise-drooped leading edge 

169 



250.1 

5.397 









.210 

Configuration B + Wl, FI, full- 

170 



458.8 

7.005 









.298 

spanvisct-dropped leading edge 

171 



146.2 

4.029 



i 

f 





.161 

1 

172 



250.6 

5.368 



36 





.210 

1 

173 



147.1 

4.017 









.160 

f 

174 



249.4 

5.351 









.210 

Configuration B + Wl, FI, Nl, 















sting body top of strut 

175 



248.3 

5.374 




f 




1 

.210 

Configuration B + Wl. FI. Nl 

176 



248.1 

5 . 340 



0 





.210 1 

Configuration B Wl, FI, Nl 

177 



248.6 

5.361 

1 








1 

.210 

Configuration B + Wl , FI, N2 

178 



247.9 

5.404 



\ 

\ 

1 

r ! 


r i 

.211 ! 

Configuration B + Wl , FI, N3 

179 

\ 


468.9 j 

6.992 

j 

1 




— 

j 

— 

.299 

1 

Configuration B 


Nacelle 
landing gear 

Model mounted inverted Run no. 155 through 179. 
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Photograph ot ba^ic inodtl muunt-d in Ames 12-Ff 
Wind Tunnt I . 


Figure I 





Figure 2.- Three-quarter tront view of model mounted inverted. 



Figure 3.- Top vici; of fuselage-only configuration. 


28 







Figure 4.- Photograph of model with landing gear; model mounted inverted. 
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DIMENSIONS 
IN METERS (FEET) 


MOMENT CENTER 



0.3429 

(1.125) 
















































DROOPED L.E. 
BASIC L.E. 


MODEL LEADING EDGE DETAIL 


UPPER SURFACE 

LOWER SURFACE 

X/C 

Y/C 

X/C 

_ 

Y/C 

0.000000 

-0.009950 

0.000000 

-0.009950 

0.000995 

-0.002587 

0.000199 

-0.013632 

0.001990 

0.000398 

0.000398 

-0.015025 

0.002985 

0.002687 

0.000597 

-0.016020 

0.003980 

0.004577 

0.000995 

-0.017612 

0.005970 

0.007761 

0.001990 

-0.020299 

0.007960 

0.010448 

0.002985 

-0.022289 

0.010945 

0.013731 

0.003980 

-0.023980 

0.012935 

0.015622 

0.009950 

-0.030448 

0.015323 

0.017711 

0.019900 

-0.036816 

0.028258 

0.025871 

0.029851 

-0.040896 

0.038109 

0.030249 

0.039800 

-0.043980 

0.067861 

0.040896 

0.069652 

-0.049552 

0.097612 

0.049751 

0.099502 

-0.052239 

0.162388 

0.064179 

0.174129 

-0.054328 

0.242285 

0.076219 

0.248756 

-0.056219 


(a) Drooped-wing-leading-edge configuration. 
Figure 6.- Alternate-cont Iguration geometry. 
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BASIC CONFIGURATION 

(b) Details of model flap configurations. 
Figure 6.- Continued. 
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LOW-NACELLE POSITION 


NOTE: 

DIMENSIONS SHOWN 
APPLY TO ALL NACELLES 
ALL DIMENSIONS IN 
METERS (FEET) 


MAIN 
SPAR L.E. 


(c) Details of nacelle configurations. 
Figure 6.- Concluded. 
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(a) Plain wing. 



(b) Pressure-strap detail wltli left nacelle installed. 



( > Pressure-strap detail with right nacelU in L..1' *d. 
Figure 8.- Photographs ;>re-=.sure t^traps untcd n 


PACt' ro 

i 0^'k ^VAurp 


Front view 


Rear view 


(b) Short wlnK-body fairinjs. 

Figure 9.- Photographu ui wing-body fairlnga aaed in wind-^'unnel test. 


3b 


































Figure 13.- Effects of Mach number on longitudinal aerodynamic characteristics; basic configuration; 

» 0®; Reynolds number * l.646>^10^/m (5.40^10^/ft) . 









Figure 14.- Effects of boundary-layer transition strips on longitudinal characteristics; basic 
configuration; Reynolds number - l.640xl0*/m (5. 38xl0*/ft); q » 12226.2 N/m^ (255.4 psf). 










Figure 15. Effects of tail incidence on longitudinal aerodynamic characteristics; basic 

configuration. 


uuiiiiii 








Figure 15.- Continued 






















(c) 6^ = 36'’; q = 11920.6 N/m^ (2A9.0 psf); Reynolds number = 1.625xl0^/m (5. 33xl0^/f t) . 



Figure 15.- Concluded. 










t* 1 t 


t-r-f -r t 


) t 


rtii tl f 


(a) 6. « 0°; q « 12,233 N/m‘ (255,5 psf); Reynolds number * 1.219^10^/m 

(5.40>10Vft). 

Figure 16.- Variation of side-force, yawing-moment, and rolling-moment 
coefficients with sideslip; basic configuration. 










Figure 16.- Concluded. 
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Figure 17.- Effects of tall incidence on the longitudinal aerodynamic characteristics, low-nacelle 

configuration. 









Figure 17.- Concluded 








Figure 18,- Effects of tail incidence on longitudinal aerodynamic characteristics; high-nacelle 

coni; iguration. 












































































Figure 21.- Concl>jded 









(a) l.ot't-wiag pressure strap 45 cm (18 tn.) from fuselage cent t*r line 

( ou t b oa r d o f nacelle). 


i’igure 22 ,- Model pressure distribution with wing-body conf Igurat ion; 
f “ O'’; q * 11 3b 7. 9 N/m' (241.6 psf); Revnolds number ■* 1.628^10^/m 
(3 . 34- 10' / f t ) . 























Ui') Left-win^ prt'srivro strap A 5 cni (18 in.) from fusola^o fen ter lint 

Unit '. in'* rd ot naee 1 1 1 ' ) . 


“'ignre Jl.- Model pressurt‘ distribution with wing~bodv -midnae e 1 1 o 
font i gurat i on; * 0"'; q - 117A0.J N/m' (7A'>,d pst); 

Revne 1 ds numbe r = 1 . b 1 8 * UV / m ( S . 3 1 ' 1 O' / it). 








: • ; : r j’ ■ : r • 










::::: 


























I;;:: 


(b) Right-wing pressure strap 22.5 cm (9 in.) from fuselage centerline 

(inboard of nacelle). 

Figure 23.- Concluded. 
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